1,2 This is because (1) NIR 34 light of 700−1100 nm is capable of penetrating several 35 centimeters into tissues with much lower scattering compared 36 to visible wavelengths 3−5 and (2) much lower autofluorescence 37 background exists in the NIR range, facilitating sensitive 38 fluorescence detection. 6, 7 Thanks to the availability of NIR 39 fluorescent dyes such as indocyanine green, in vivo NIR imaging 40 has been adopted preclinically and clinically for identifying 41 . Schematics illustrating the TGL system for in vivo NIR imaging. The optical chopper (5 kHz, 1:1 duty ratio) generates a TTL pulse from its reference output to trigger an in-house pulse synchronizer, which times a fixed 70 μs pulse (with 5 μs delay from the chopper output) to enable the 980 nm NIR laser. The pulsed 980 nm light illuminates the mouse to excite the UCNPs. The luminescence signal is collected by a camera lens, passes through a 1 mm pinhole attached to the optical chopper, relayed by a microscope eyepiece, and recorded by an EMCCD camera for in vivo imaging. The delay time between the switching-off of the 980 nm pulse and the switching-on of the EMCCD via chopping is 25 μs, followed by a collection window of 100 μs. 156 yielding a signal-to-noise ratio of merely 8.13 (Figure 3c ). By 157 contrast, the time-gating approach employed pulsed excitation 158 of identical peak intensity but 35% duration and gated 159 detection of 50% duty ratio with the same camera settings 160 (Figure 2d Supporting Information S2 and Supporting Table 1 ).
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The high optical background here associated with the 175 conventional approach arose from the strong scattering of the 176 excitation light from the animal that one optical filter failed to 177 block. It could be improved by adding more filters, but the 178 effect was still inferior to the time-gating approach (see 179 Supporting Information S3). One possible reason for that was 180 the scattering light had a variety of incident angles, which may 181 also change depending on the position of the animal, making it 182 difficult for the interference-type filters to suppress completely 183 due to their angle-dependent transmission/reflection spectra. 184 Substitution for absorption-type (color-glass) filters is also not 185 Figure 3 , the maximum temperature increased over 25°C on 200 allowing us to achieve a 12-fold enhancement in the signal-to- 
